INTRODUCTION
Pulmonary rehabilitation is a comprehensive intervention based on thorough patient assessment followed by patient-tailored therapies, which include but are not limited to exercise training, education and behavioural changes, and are designed to improve the physical and psychological condition of people with chronic respiratory disease, and to promote long-term adherence to health-enhancing behaviours. 1 Pulmonary rehabilitation is an integral part of the clinical management of patients with chronic respiratory disease. Most of the evidence supporting the effectiveness of pulmonary rehabilitation and development of guidelines comes from studies of patients with chronic obstructive pulmonary disease (COPD) for which pulmonary rehabilitation has been found to reduce dyspnoea, increase exercise capacity and improve quality of life. 2 Emphysema is the main pathological feature of COPD, which is characterised by the permanent abnormal enlargement of airspaces distal to the terminal bronchioles, accompanied by destruction of their walls. The characteristics of emphysema do not, by definition, include thickening of the alveolar septa and fibrosis. The occurrence of both emphysema and pulmonary fibrosis in the same patient has received increased
KEY MESSAGES
Patients with chronic obstructive pulmonary disease derived greater benefit from the inpatient pulmonary rehabilitation programme compared to patients with combined pulmonary fibrosis and emphysema (CPFE). Future research should focus on developing a pulmonary rehabilitation programme specifically tailored to the needs of patients with CPFE in an attempt to optimise the benefits of rehabilitation. Tomioka attention. The syndrome of combined pulmonary fibrosis and emphysema (CPFE) is a recently described entity associating upper-lobe emphysema with lower-lobe fibrosis. 3 Given the evidence that pulmonary rehabilitation benefits a large population with COPD, it is a reasonable assumption that those with CPFE might benefit similarly. However, data on the effectiveness of pulmonary rehabilitation in patients with CPFE are scant. We therefore decided to elucidate the effectiveness of pulmonary rehabilitation in patients with CPFE in our cohort who participated in an inpatient pulmonary rehabilitation programme. The key question addressed in this study is whether pulmonary rehabilitation for patients with CPFE is as beneficial as it is for those with COPD.
MATERIALS AND METHODS Study participants
Consecutive patients with CPFE and COPD without parenchymal lung disease with fibrosis who were referred to and completed the inpatient pulmonary rehabilitation programme at Kobe City Medical Center West Hospital, Kobe, Japan, between March 2007 and February 2015, were included in this study. Inclusion criteria were a stable clinical condition with no exacerbations in the preceding 2 weeks and written consent to participate in the programme. Patients with active cancer, unstable cardiac disease, or a history of neurological or orthopaedic disorders interfering with exercise, were excluded. CPFE was diagnosed when high-resolution CT (HRCT) chest scans showed emphysema occupying >25% of both upper lobes 4 and idiopathic diffuse parenchymal disease with fibrosis of the lower lung zones. 5 COPD was diagnosed and its severity assessed in accordance with the Global Initiative for Chronic Obstructive Lung Disease (GOLD) 2014 guidelines. 6 Patients with complicated parenchymal lung disease with fibrosis were excluded.
Study design
The study was a retrospective observational study of patients enrolled in our comprehensive pulmonary rehabilitation programme in a community hospital. Our institutional review board approved this retrospective study (reference number 15-001) and the requirement for informed consent was waived.
Assessments
Dyspnoea and functional status were evaluated using the Medical Research Council (MRC) dyspnoea grade (1) (2) (3) (4) (5) . 7 Cumulative cigarette consumption expressed as the smoking index was the number of cigarettes consumed per day multiplied by years of smoking. 8 Pulmonary function tests were assessed using a spirometer (Autospirometer System 7, Minato, Tokyo, Japan) according to the method described in the American Thoracic Society 1994 update. 9 Predicted normal values for the Japanese population were derived from reference values of the Japanese Respiratory Society. 10 We reviewed HRCT scans of the participants. HRCT scanning was performed by helical CT scanners (Optima CT 660, GE Healthcare, Tokyo, Japan or SOMATOM Sensation 64, SIEMENS, Tokyo, Japan) with 1.0 -mm-thick axial sections taken at 1 cm intervals throughout the entire thorax and were reconstructed using a high-spatial frequency algorithm. Emphysema was scored visually in the upper, middle and lower fields of both lungs according to the methods of Goddard et al. 4 The score for each of the 6 lung fields was calculated according to the percentage of each lung field that was a lowattenuation area (%LAA): score 0 %LAA <5%; score 1 %LAA 5% to <25%; score 2 %LAA ≥25% to <50%; score 3 %LAA ≥50% to <75%; and score 4 %LAA ≥75%. Scores for each of the six lung fields were summed to obtain the total emphysema score. The HRCT images were analysed independently by a pulmonologist (HT) with no knowledge of the patients' clinical information.
Functional exercise capacity was measured by the 6 min walk test on a flat circuit, using the protocol proposed by Chang et al. 11 Supplemental oxygen was permitted at the same concentration inspired normally during daily activities at baseline. Oxygen saturation was measured continuously during the walk, using a pulse oximeter. Only one 6 min walk test was performed. Patients were asked to rate their dyspnoea prior to and at the end of the test, using the Borg scale, 12 by selecting a number from 0 to 10, with 0 being no appreciable dyspnoea and 10 being maximal sustainable dyspnoea.
Health-related quality of life (HRQL) was assessed using the Short Form-36 (SF-36) Japanese test version, which is adapted and psychometrically validated for the Japanese population. 13 14 The SF-36 is a widely used instrument that has been validated in various patient groups, including those with COPD, 15 and has been shown to detect improvement after pulmonary rehabilitation. 16 The questionnaire consists of 36 questions covering eight health concepts: physical function, role-physical, bodily pain, general health, vitality, social functioning, role-emotional and mental health. These eight health components were scored separately and transformed to a 0-100 scale according to the guidelines. 17 An ascending scale was used for scoring, with higher scores indicating a better HRQL and lower scores, a worse quality of life. Methods for handling missed items were used according to those guidelines.
At entry, echocardiography was performed to detect pulmonary arterial hypertension. The pulmonary artery systolic pressure (PASP) was analysed in terms of tricuspid regurgitation peak velocity (TRPV) and right atrial pressure (RAP), using a colour Doppler technique (PASP=4×TRPV+RAP). 18 Pulmonary function testing, 6 min walk test and SF-36 were administered at the beginning and end of the programme. All follow-up walk tests were conducted using the same flow rate of supplemental oxygen that had been used at baseline.
Rehabilitation programme
Participants attended a 3-week inpatient programme that included exercise training, breathing retraining and education. The exercise programme included stretches, peripheral muscle training on fitness equipment, stair climbing, bicycle training and inspiratory muscle training using Argyle Triball (Covidien Japan, Fukuroi, Japan). Argyle Triball training can provide sustained maximal inspiration training easily and effectively. Endurance training consisted of ground-based walking and cycling on an ergometer, mostly by interval training, guided by the Borg scale (score 5 for dyspnoea), 19 or oxygen saturation (>89%). Patients on long-term oxygen therapy or patients with significant arterial oxygen desaturation during exercise trained under administration of oxygen. Breathing retraining consisted of relaxation with breathing control, pursed-lip breathing and pacing during exercise training and activities of daily living. Rehabilitation sessions in the rehabilitation room consisted of 40 min of physiotherapy and 40 min of occupational therapy per day. The educational topics included those on medications and oxygen use, nutrition, panic control and methods of physical conditioning. Compliance with daily exercise was assessed every day using a training diary filled out by the patients. All other treatments, including those with medications and oxygen inhalation, remained unchanged during the pulmonary rehabilitation period. All patients received the same rehabilitation programme regardless of their underlying disease.
Statistical analysis
Measurement data were expressed as means±SD. Group differences were compared using the χ 2 or Fisher's exact test for categorical variables, or the Student t test or the Mann-Whitney U test for continuous variables.
Within-group and between-group changes following rehabilitation were evaluated using paired t tests, Wilcoxon signed-rank and Mann-Whitney U tests, respectively. Significance was defined as p<0.05. All analyses were performed using JMP statistical software (SAS Institute, Inc, Cary, North Carolina, USA).
RESULTS

Clinical characteristics
We studied 17 patients with CPFE and 49 patients with COPD. Of the 17 patients with CPFE, one patient had a possible normal interstitial pneumonia (UIP) pattern and the remaining 16 patients had the UIP pattern on chest HRCT in accordance with the 2011 Idiopathic Pulmonary Fibrosis (IPF) criteria. 20 The median duration from the detection of interstitial changes on CT to the initiation of pulmonary rehabilitation was 8.6 months (0-76.7 months) in the CPFE group. Three patients with CPFE were taking oral corticosteroids during the pulmonary rehabilitation period (daily prednisolone dose of 25, 30 and 30 mg, respectively). The clinical characteristics of both groups are shown in table 1. Age, sex, smoking status, body mass index and MRC grade were comparable between the groups. Ten patients with CPFE and 26 patients with COPD were receiving home oxygen therapy. The median interval between the HRCT and the initiation of the pulmonary rehabilitation programme was 2.0 months (0-15.8 months) in the CPFE group and 1.5 months (0-32.8 months) in the COPD group. The emphysema score was significantly higher in the COPD group compared with in the CPFE group ( p<0.005).
There was no significant difference in forced vital capacity (FVC) between the groups; however, forced expiratory volume in 1 s (FEV 1 ) and the FEV 1 /FVC were significantly smaller ( p<0.0001) in the COPD group than in the CPFE group, reflecting the obstructive nature of the respiratory dysfunction in patients with COPD. Among patients with COPD, the numbers of patients with mild, moderate, severe and very severe COPD were 1, 4, 17 and 27, respectively. Patients with CPFE had a significantly higher PASP ( p=0.016). With regard to the 6 min walk test, there was no significant difference in distance and the SpO 2 nadir between the two groups; however, the Borg scale for exercise was significantly higher in the COPD group. SF-36 scores were comparable between groups except for the vitality score, which was significantly lower in the COPD group than in the CPFE group.
Effects of pulmonary rehabilitation in patients with CPFE
Outcome measures prepulmonary and postpulmonary rehabilitation are described in table 2. Compared with preprogramme values, improvement was observed after pulmonary rehabilitation in FEV 1 ( p=0.034); however, there was no significant improvement in the 6 min walk test (distance, SpO 2 nadir and Borg scale on exercise). With regard to HRQL, improvement was observed in physical function ( p=0.015) whereas deterioration was observed in social functioning ( p=0.044).
Comparison of the effects of pulmonary rehabilitation between patients with CPFE and COPD In the COPD group, significant improvement was observed after pulmonary rehabilitation in FEV 1 , 6 min walk test (distance, SpO 2 nadir and Borg scale on exercise) and in four of the eight SF-36 subscales ( physical function, general health, vitality and mental health; table 3).
Comparisons of changes in pulmonary function and the 6 min walk test between patients with CPFE and COPD are shown in table 4. There was no significant difference in pulmonary function. On the other hand, there was a significant difference in changes in the 6 min walk distance: −16.6±58.4 in CPFE versus 30.2 ±55.6 in COPD ( p=0.009; figure 1) . The COPD group had a mean improvement of >25 m, the distance that has been suggested as the minimum change for a clinical improvement 21 in COPD. There was no significant difference in changes in the SpO 2 nadir and Borg scale on exercise. Mean changes in SF-36 subscales from baseline values for CPFE and COPD are shown in figure 2. There was a tendency toward improvement in all domains of the SF-36 with the exception of bodily pain in the COPD group; however, there was a tendency toward deterioration in all domains with the exception of physical function in the CPFE group. Statistically significant differences in changes in vitality ( p=0.009) and social functioning ( p=0.027) were found between CPFE and COPD.
Subgroup analysis of patients with CPFE according to results of the 6 min walk tests
We performed subgroup analysis of patients with CPFE for whom both baseline and follow-up 6 min walk test data were available. Baseline clinical characteristics were compared between participants whose 6 min walk distance decreased after pulmonary rehabilitation (worsening of 6 min walk test) and participants whose 6 min walk distance did not (stable or improved 6 min walk test; table 5). Although the study included only a small number of patients with CPFE, patients with CPFE with worsening of the 6 min walk test had a tendency to have a higher PASP ( p=0.075) than those with stable or improved 6 min walk test results. Also, the percentage of patients who had PASP >40 mm Hg was significantly greater in the former group (80.0%) than in the latter group (20.0%) ( p=0.023). The baseline Borg scale on exercise was significantly higher in the group with worsening 6 min walk test results compared with those with improved scores ( p=0.031).
DISCUSSION
The present study showed that, in patients with CPFE, there was no significant improvement in exercise tolerance and exertional dyspnoea after 3 weeks of comprehensive inpatient pulmonary rehabilitation. With regard to HRQL, significant improvement was observed in only physical function whereas significant deterioration was observed in social functioning. In contrast, age-matched and MRC grade-matched COPD participants benefited from the same programme with improvements in exercise tolerance, exertional dyspnoea and HRQL. There was a significant difference in changes in the 6 min walk distance between those with CPFE and those with COPD. Data examining the role of pulmonary rehabilitation in chronic lung diseases other than COPD are limited. To the best of our knowledge, this is the first study to elucidate the effects of pulmonary rehabilitation in patients with CPFE. We should consider the reason for the lack of favourable effects of pulmonary rehabilitation in our patients with CPFE. First, our pulmonary rehabilitation programme was in an inpatient setting over a relatively short period. According to the GOLD statement, 6 the duration of an effective pulmonary rehabilitation programme is 6 weeks, and the longer the programme continues, the more effective the results. Therefore, our 3-week programme may be too short to show benefits. In addition, although there have been numerous studies involving pulmonary rehabilitation, few have concentrated on the outcome of inpatient programmes. Votto et al 22 reported significant short-term improvement in exercise tolerance, dyspnoea and HRQL following inpatient programmes as short as 10 days in patients with severe COPD. Stewart et al 23 examined the effect of an inpatient programme with an average stay of 21 days, which was similar to our programme. They showed improved endurance and functional ambulation, decreased supplemental oxygen use and fewer hospitalisations 1 year after discharge for patients with moderate-to-severe COPD. Katsura et al 24 also reported long-term effectiveness of a 2-week inpatient programme for elderly patients with COPD. These data suggest that relatively short periods of inpatient pulmonary rehabilitation can result in beneficial outcome measures in patients with COPD. A shorter programme has the potential to reduce the cost per patient served and to spread limited resources. 25 Therefore, we provided a 3-week pulmonary rehabilitation programme in an inpatient setting in consideration of the Japanese healthcare system, transportation to and from the programme, and patient-specific factors such as disease severity and the degree of disability. 1 As mentioned above, patients with COPD benefited from our programme. In particular, the change in the 6 min walk distance was >25 m, which is considered to be clinically significant. 21 We believe that our pulmonary rehabilitation programme is effective for patients with COPD even in an inpatient setting over a relatively short period. Although a floor effect may be present, because of the lower baseline for the 6 min walk distance in the COPD group compared to the CPFE group, a longer duration for evaluating the effects of pulmonary rehabilitation in an outpatient setting is needed, more in the CPFE group than in the COPD group.
Second, our exercise training regimens might not be appropriate for patients with CPFE. Although the syndrome of CPFE includes emphysema, it is also recognised as an interstitial lung disease (ILD). Common manifestations of ILD include exertional dyspnoea, hypoxaemia that often worsens with activity or exercise, fatigue, deconditioning and diminished HRQL. 11 26-29 Data examining the role of pulmonary rehabilitation in ILD are limited and optimal strategies for exercise training for patients with ILD have not been established. 30 Exercise training regimens for these patients have been based on protocols shown to be effective in patients with COPD. Most dyspnoea control techniques have been developed to address the dynamic hyperinflation associated with COPD. It remains unclear if these techniques are effective for CPFE. It was suggested that dynamic hyperinflation is not associated with the impairment of pulmonary function in patients with CPFE without airflow obstruction. 31 In addition, although both low-intensity and high-intensity exercise training produce clinical benefits for patients with COPD, 32 training at a relatively high intensity (>60% maximal work rate) may be needed to achieve a physiological training benefit. 33 34 However, Kozu et al 35 reported that patients with IPF, a specific form of chronic fibrosing ILD, were unable to increase the intensity of exercise as rapidly as the patients with COPD, due to dyspnoea and/or cough and profound desaturation.
Exercise intolerance is a key feature of ILD and is often associated with marked dyspnoea on exertion. 1 The mechanisms of the respiratory limitations in COPD and ILD differ. Impaired pulmonary gas exchange 26 36 37 and circulatory factors 38 may be the major limitations to exercise in ILD. On the other hand, ventilatory limitations and skeletal muscle dysfunction, which are the predominant factors contributing to exercise limitations in COPD, 39 are present in COPD and ILD. 35 40 The similarities in clinical problems (exercise intolerance, muscle dysfunction, dyspnoea, impaired quality of life) suggest that pulmonary rehabilitation may also benefit patients with ILD. 1 30 Emerging evidence has suggested that pulmonary rehabilitation might result in meaningful benefits for patients with ILD. [41] [42] [43] [44] [45] [46] However, the magnitude of these benefits has been noted to be smaller than that generally seen in COPD, 35 47 and no ongoing effects were evident 6 months after training. 42 Naji et al 41 reported a relatively large dropout number, suggesting that a standard COPD programme may not be ideal for patients with restrictive lung disease, including ILD. Kozu et al 35 reported no changes in SF-36 scores in the IPF group after 8-week outpatient pulmonary rehabilitation. They also suggested that pulmonary rehabilitation might have a reduced clinical benefit for patients with IPF classified as MRC grade 3-5. 47 On the other hand, it was reported that pulmonary rehabilitation was successful for COPD irrespective of the MRC dyspnoea grade. 48 All of our patients with CPFE were classified as MRC grade 3-5. Therefore, pulmonary rehabilitation might have a reduced clinical benefit for our CPFE population.
Some clinical characteristics differ between patients with CPFE and patients with COPD. Kitaguchi et al 49 described the clinical characteristics of patients with CPFE and compared them with clinical characteristics of COPD. They reported that CPFE was characterised by subnormal spirometry (mild airflow limitation and mild lung hyperinflation), severe impairment of gas exchange and desaturation during exercise. In our study, we found that patients with CPFE had significantly higher PASP determined by echocardiography. Pulmonary hypertension was often observed in patients with CPFE, 3 50-52 and was associated with dyspnoea during exercise and/ or decreased exercise tolerance in patients with CPFE. 51 The cardiovascular system is affected by chronic respiratory disease in a number of ways, the most important being an increase in right ventricular afterload. As COPD and pulmonary fibrosis are common causes of pulmonary hypertension, CPFE may strongly influence the development and progression of pulmonary hypertension by an additive or synergistic effect. 52 Therefore, a higher frequency of pulmonary hypertension and greater severity may explain why our pulmonary rehabilitation programme lacked effectiveness in our CPFE population. In fact, our subgroup analysis of patients with CPFE showed that pulmonary hypertension as evaluated by echocardiography might be related to changes in the 6 min walk distance after pulmonary rehabilitation. Historically, recommendation has been to limit exercise in patients with pulmonary hypertension. Although the optimal exercise training programme for patients with pulmonary hypertension remains currently unknown, exercise should begin with brief sessions at low intensity with careful, incrementally progressive submaximal levels. 1 53 Furthermore, on the basis of observed haemodynamic responses to exercise in this patient population, it would be prudent to avoid interval training because of the associated rapid changes in pulmonary haemodynamics and risk of syncope. 1 53 The present study has several limitations. First, it was a retrospective study at a single centre. Therefore, some selection bias may have affected our findings, and the results of some physiological tests and the HRQL were not available. In addition, there was a considerable interval between the performance of CT and the completion of the rehabilitation programme. Second, the study was based on a small number of patients. A larger study will be needed to confirm the results. Third, although our study concentrated on the short-term outcome of the inpatient programme, the long-term effectiveness of the programme also should be examined.
In conclusion, patients with COPD derived greater benefit from the inpatient pulmonary rehabilitation programme compared to patients with CPFE. Future research should focus on developing a pulmonary rehabilitation programme specifically tailored to the needs of patients with CPFE in an attempt to optimise the benefits of rehabilitation.
